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[Contribution from the Departuent of Chemistry,
Massachusetts Instituie of Technology)

Cyclie Poclyolefins, XXV. Cyelooctensdiocls.

Molecular Rearrangement of Cyclo;ctom Oxids on Solvolysis )

(1) Bupported in part by the Office of Naval Research under
Contract NSori-07822, Project Designation MR-055-96,

By Arthur C. Cope, Stuart W, !‘entcaa and Claude F. Bpo::.cex-3

(2) Arthur D. Little Postdoctorste Fellow, 1950-1951.

(3} Abstracted in part from the Ph.D. dissertation of

Claunde ¥. Spencer, Massachusetts Institute of Technology,
Juna, 1550,

BEydroxylation of s_i__g-cyclo:s.‘tem with perfornic mcid,
ard hydrolysis or solvolysis with formic acid of cis—cyclooctens oxide,
have been found to yield 1,k-cyclooctansdiol in largsr amount than
the expected product, g_rg_m_;_-l,a-cynlo?xtmodiol. The structure of
1,b-cyclobctanedicl was estoblished by conversion to cyclooctans
through e Gimceisie wnd cycioociadiens, and by Oppenauor oxidation
to 1,b-cyclooctanedions, which by an imtramclecular aldol cordenaation
formed the known ketone, bicyclo[3.3.0)-1(5)-octun-2-cne, The

molecular rearrungement resulting in formation of the 1,hk-giycol isa



intercreted as a chemicsal "transannular offect® which peymits participa-
tion in the solvolysie of tho epoxids by a carbon-hydrogan bord that 1s
sterically adjacant dacause cf its loetation across the compect aight-
mazbered ring.

cis-1,2-Cyclocctansdiol and the oight-uembered cyelic

acyloin subercin have been prepared and charscteriped.

Before cyclogctem froz the partial hydrogenation cf

cycloactatatrum “ was available as an intermedicte for the synthesis of

(4) W. Reppe, 0. Schlichting, K. Klager and T. Toepel, Ana., 560,
L (1948).

" 5
other eight.-membered ring compounds such as 1,3-cyclooctadiena, an

() A, C. Cope and L. L. Estes, Jr., This Journal, T2, 1128 (1950).

investigaticn of the preparation of l,a-cyclogctunadiolz {(and 1,5-cyclo-
octadiens) from the cyclic acyloin sudercin was undertaxen. When cyclogctena
bacsne availeblia, it ves converted into cis- and 35595-1,2-cyclogctanodiols.
hie phase cf ths work led to discovery of an unusual rearrangemsnt that
occurs during the solvolysis cf cyclo;ctena oxide,

The acylein conlsanssation of dimethyl suberate, under
conditions similar to those uced for the preparation of othey macrogytlic

6
acyloina, forzmd suberoin in 37% yleld as a colorlese, low-:lting oolid.



{6) J. L. Hansley, U. 8, Patent 2,228,268 (Jan. 1%, 1941); C.A., 35,
2534 (1941); V. Prelog, L. Frapkxisl, M. Kobolt cud P. Rarman,
Helvpbdey Cb Acte, 30, 1741 (1947 H. Btoll ané J.
Bulstkamp, 1bid., 30, 1815 (1547); M. Stcll and A, Rouvé,
inid., 30, 1822 (19L7),

g5 ===

Hydrogenaticn of subervin i{in the presance of Ranoy nicks]l yielded a mixture
of glycols, from which cis-l,2-cyclobctanediol vas ssparated by
crystallieation as leaflets melting at 77.5-79°. Chromatography on
alumina of the material remaining in the mother liquors ylelded trans-l,2-
cyclo;c‘;a.nodiol a8 a viscous liquid that vas charactariged as the
erystalline bis-pheaylurethan, Both the cis- and trans-1,2-glycols were
cbtained mors eesily from cyclogctena.

Cxidation of cyclogctcnc with potassium permanganate,
hydrogen peroxide and csmium tetroxide, and agusocus sodium chlorate and
osmium tetroxids formed crystalline E§g~l,2-cyclozctanediol in yields of 7.7,
11.4 and 30%, respectively. The cis configuration is assigned to the
product because these msthods of oxidation are known to form cis-glyccls.
c13-1,2-Cyclooctanediol vas converted ixto o solid bis-phenylurethas with
phenyl isocysnate, and a liquid lscopropylidene derivetive with acetone in
the presence of anhydrous copper sulfate. Evidence for its structure was
chtained by rapid quantitative reectiorn with periodic acid at room tem-
parature, and by oxidation with alkaline permanganmts forning suberic acid,

The hydroxylation of cyclooctens with performic acid '

e EE TS IT e TS

{f} D. Gvewn, Chem. Rav., 45, 1 (1G49), liots the casss in which
olefine have hasn converted into glycols with this wacgant.

€ A Kim e g il =T
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was expacted tc foim m-l,?-cycloactmdiol. Hosever, after alkalins
hydrolyzis of the monoformate, extraction and distillstion ylelded a
mixture of products (71.% calculated as cyclogctanediols) insteed of
the puwre irmns-l,2-glycol. Crystallisation of the mixture was difficult,
but it proved to be possible to separate _t_._;_’_m;-l,2-cyclogcta.n.ediol ae the

isopropylidens d.arivn.tive,a formed by tresting the mixture with acetons

(8) Both cis- end trans-l,2-cyclcheptanedicls are knovn to
form isopropylidens derivatives; J. Boesgken and H. Derx,
Rec, ;rav. ¢hinm,., &Q, 529 (1321); H. Derx, ibid., 41, 312
(1922).

and anhydrous ¢opper sulfats, Bubsequent distillation saparsted the

more volatile iscpropylidene derivative (308 or 21.°%8 based on cytlo:;ctena)
from a less volatile residue (described below). Acid hydrolysis of the
isoprcpylidene devivative, or treatment with formic acid followed by

basic hydrolysis of the formate, yielded trams-l,2-cycloocianedicl as &
viscous liquid that was characterized as the crystallins bis-phenylurethan
(1dentical with tia derivative cf the trans-l,2-glycol prepared fron
suberoin) and di-p-toluenasulforate. trans-1,2-Cyclooctanediol, like

the cis isomer, reacted rapidly and quantitatively with perviodic acid

at rcoo temperature, and formed suberic acid on oxidatiocn with alkalins

PAYTANZAnAte.

The residue remaining after distilling ths iscpivpylidens

derivative of trans-l ,Eecyclosct&mdiol froz the mixture wvas crystaliixed
from ethyl acetats, and yieldad 3% (25.7% besed on cyclooctene) of an
igomeric glycol (1) that crystallized as fine needles, m.p. 85-85,5°, Thin
glycol feiled to weact with periocdic weid, shoving thet 1t

probehly was not a 1,2-glycol. Ouidation with squacus acdlun



primangenGte yilelded a aixtuve contolalng oxelilc ceid and pdiple acid,
indicating & chain of at least &ix carbon atoms eeparating the alcoholic
hydroxyl groups. The bdis-phenylurethan and di-p-toluenesulfonate were
prepered from I as golld derivatives. Bvidence concerning the carbon
sxeleton of I vas cbtained by converting the glyccl to the dliacetate,
vaich vas pyrclyzed at S00° and formed a mixture of cysloociadienss that
was reduced guantitatively tc cyclogctane. Bxeluding the unliikely
poseibility that ring contraction during hydroxyletion of cyclo;ctene
zight be followed by ring expansion in pyrolysis of the discetate, this
evidence 1s sufficient to estadblish the structure of I as & cyclo;ctane-

diocl other than the cia-cr tyans-1,2-diol.

Evidence concerning the criantation of the hydroxyl
groups vas obtained by oxidation of I by the Oppenauer msthod, which
formed a diketone II that failed to give o ferric chleride enol test
(expected tc be pcsitive for l,}-cyclo;ctnnndionn). On treatoent with
dilute socdium bydroxide followed by hydrochloric ecid, or directly with
concentyrated sulfuric acid, the diketone II underwent an intramolecular
aldol condensation and formed the known unsaturated ketona, bicyclo
15.3,07-1(5)-octen-2-cne (III), vhich was isclated as the semicarbazone,
Accordingly the dikotcns IT ia 1,k-cyclooctansdions, and the glycol frua

wnich it is formed is cis-or trans-l,k-cyalooctnradiol (X).
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Since the formation of 2 1,4-glycol by hydroxylation of
an olefin wvith perfcrmic acid apprared to be without precedsnt,
evidence wes acught concernirg the step in the process in vhich re-
arrangeneat occurred, Cyclo;ctam oxide was preparsd from cyclo;cttne
and peracetic acid, and purified by diatilliation and sudblimation; =m.p.
56-57*. Practional distiliation and chromatography on both alumina
and sctiviated carvon, followed by frectiopal elution witk sclvents,
failed t0 eeparate fracticns with significantly 4ifferent melting

pointa cr Lnui'rased spectia; indicating that the opoxide ¥as hoomegeneous-

]
Oyclooctans oxids was bydrcgsostsd 40 ayslocstancl 4n 8% vie14 in
the preassnce of Ransy nickal st 125", Tais normal behavior on reduction

providas evldence that the oxide is & noroal 1,2-epuxide, The
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solvelysis oy cyclogctene oxids with Towinic ecid, foliowcd by snponificaee
tion of the resulting formates, or hydrolysis of the oxide with diluts
hydrochloric acid, formed a mixture of glycols similar to the mix‘.ure
forusd from cyclosctens and parformic acid. trens-1,2-Cyclesctanediol
was separated from the mixture as the isopropylidens acetal, after

vhich 1,4-cyclooctanediol (I) wes isolated from the residue by
crystallization from sthyl acetate in 30% yleld. Accordingly the

step in vhich rearrangement occurs in the conversion cof cycloSctene tc

l,h-cyc103ctanediol is the solvolysie of the epoxido.lo

(10) Hydrolysis of gég-cyclogctene oxide to a liquid glycol
presumed to be the traus-1,2-iscmer has been reported by
K. Ziegler and H, Wilms, Ann., 367, 1 (1950), and M.
Godchot and G. Cauquil, Compt. rend., 192, 963 (1931),
vho report m.p. 182-183* and 166-167°, reepactively, fcr
the bis-phenylurethan. We have cbserved m.p. 176.2-177.4°
for trans-l,2-cyclooctanediol bis-phenylurethan, and m.p.
186-187.5* for 1,h-cyclooctanediol bis-phenylurethan.
Eithar of these derivatives or a mixture of them might
have been {sclated in the ecarliszr work, if the glycol was
a nixture of isomers sicilsr to the one that we cbtained.

A tentative interpretation of the abnoszzl solvolysis of
cyc;oéctene oxide is based cn a hitherto unchserved chenical
¢ ransannular effect" for which the proximity of atome lying across
an gight -cembered ring may te respeasible., In othar words, hydrogen
atons that are sterlcally adjacent to the oxide ring may participate
in she displucement reaction in o kind of nelgiuboving group ¢ffect for

wnilch the conformntion of the ring io respomsible. Acscxdinyg to this
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interpretation, ths 1,k-glycol would ba formed by & 1,3-hydride shifi
in the protonated epoxide, presumshly occurring sieultanscusly with
tha attack by the solvent at ths positively charged carbcn in the
Lh.poaition, as formilated schemstically belov. Hormsl displecemsnt
et Cg vith Walden inversion would account for formetion of the trans-
1,2-glycol. Steric hindrance provided by the ring tc apprcach of

Ca by the sclvent might retard thie "normal™ displacement, allowing

time for “abnormal® displacement at Cg.

+

% E  + I (as monoformate)

A oore exact interpretation must sweit determinsgtion of

the configurstion of I (cis or trans), and examination of the eolvolysia

2. om A am e s .. s me = ce L sms =
PIGUUCLE Ul SYCLUUGCLROE OXAUY LIAL nave Oo0v peswd purililied or identiried

f2hout—20%of—the-totel-produst)y, and may contain products other thon

the trans-1,2 and 1,4-glycols. The soclvolyeis of epoxides of other



olefins algo will bo oxamingd t0 determins wwother glycols other then

13
tho expected 1;2-g8lycols are formsd,

(11) The fact that 1,b-cycloo ol is formed on
bydyoxylation of cyel ane has been communicated to
Professor V. Pralog, vho has confirmed and extended thisa
cbsarvation of a chemical "transannular effect® by studies
¢f the hydroxylation of cyclodecens, to te published soon
in Helvetica Chisiica Acta.

12
Experimental

(12) Melting points are corrected and boiling points are
uncorrected, Ws are indedbted to Dr. 8. M. Nagy and
his asacciates for analysnes,

Subercin., - A 5-1. three-nsckad flgsk was squipped

with & mearcury-sealed Hershbarg stirrer and a simple high dilution

apparastus, 15 to which s attached a reflux copdenser and a Hayrshberg

{13) A. C. Cope and RB. C. Earrick, This Journal, 72, $85 (1930).

dropping fumnel, Sodium {46 g., 2 g. atcams) was povdered by stirring
under 1 1. of refiuxing xylene, and & solution of 101 g. {0.5 mole) of
dimethyl sudbsrste {h.p. 111-112.5° st 2.% m=., n§8 1..20%) 4n 80 mi,
of xylens wan added through the dilution apparetus ovar a psriod of 8

k
hours in an atmosphore of 4ry nitrogen, vwitk stirring and refluxing :

(1s) Tho flask vne heatcd wilh an oil dath. An alectric
heating mnntael ceuscd eharvrriog of the golatinous oodiun
salt that geparatcd as the roastion progressed.
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guring that poviod avd for 2 houvs longer. The mixture vas allcwed
%0 staend overnight, and then was coolsd with sn ice bath. Absclute
ethanol (50 ml.) vas addad to destroy any remaining sodium,followed
by a solution of 120 g. (2 moles) of glacial acetic acid in 800 ml.
of dry ether, added slovwly with stirring to0 neutralige the mixture,
The nitrogen atmosphere was maintainsd to thias point. GSodium acstate
vas separated by filtration and wvashed well with ether, and the
filtrate ¥as concentrated under reduced pressure in a nitrogen
atxosphere. The residue ves distilled from a Hickman molecular-
type pot &till at 60-135° (0.5 ms.), and the distillate was
fracticnsted through a 15 x l-cm., Vigreux column undey niteogen,
yialding 26 g. {37#) of suberocin, b..p. 66-T1* (1.3 =m.). The
nearly colorless product crystallized, and was purified dy redistillation
and crystalligation from a mixture of ether and pentans; b.p. 64*
(0.3 m.), B.p. 37-38.5°.

Ansl. Calcd, for CeHi40p: C, 67.38; E, §.92. Found:

¢, 66.58; K, 9.95.

Preparstion of cis end traps-l,2-Cyclooctansdiols from

Suberoin, A solution of 3.84 g. of suberoin in 75 ml. of methancl vas
shaken vith hydrogen at room temperature and atmospheric pressure in

by
the presence of 2.5 g. of W-7 Ransy nickel catalyst. 2 After 30 minutes,

(15) H. Adxins and H. R. Billiea, This Journal, 70, 695 (1948),

95.% of one molayr squivelent of hyivrogon bed baon absorbed erd ths



raduction stopped. The catalyst wes seperated by filtyation, and the
filtrate vas concentrated undsy reduced pressure. The residue

(3.48 g.) was & viscous liquid that partially crystallized. Several
crystalligations of a sample (0.97 g.) from ethyl acetate yielded

0.37 g. of cis-1,2-cyclooctanedicl as vhite leaflets, m.p. 77.5-79°,
and 0,60 g. of & sirup., A solution of the sirup in 10 ml. of
chloroform-carvon tetrachloride (2:1 by volume) wae placsd cn a 13.5

X 1.59-¢cm, cclumn of 48-100 mesh activated alumins, and the columm

vas eluted with 200-ml. portions of the following solvents, from

vhich the indicated weights of liquid residues were obtained: (1)
chloroform-carbon tetrachloride (2:1), 0.06 g., {2) chloroform, C.19 g.;
(3} chloroform-methanol (9:1), 0.34 g. Frections 2 and 3 were treated
with phenyl isocyanate, and both ylelded the bis-phenylurethan of
352&5-1,a-cyclogctanediol, m.p. 176.5-178.5° after crystallization

from ethanol. The derivative gave no depression in mixed meiting

point with the bis-phenylurettan of trans-l1,2-cyclocctansdiol prepared
from cyclooctene (described belov), while a mixed melting point with the
bis-phenylurethan of cis-1,2-cyclooctanediol (aleo described below)

vas depressed to 134-1T72°,

]
cis-1,2-Cyclooctanediol, - (a) A solutiom of 11.0 g. of

13
cyclocctene (ns5 1.4681, prepared by partial hydrogenation of cyclc-
L
cctatelreene ’5) in 50 ml. of acetong was cooled to -20°, and a solution
of 15.8 g. of potassium parmenganate in 1.5 1. of acetone was added

slovly with stirring at =20 <c 0° over & period of 12 hours, st a rate



at vhieh posmangaoctc L4 pot scecumulete 4o tho solutiom. The

mangaracs dloxids was roducad by cdsition of asoturnted aguoous coeddum
bisulfite with stirring, and mogt of the ecetons vwas xamoved by Gig-
tislation. The residua was poured into 1500 ml. of water, and ths golu-
tion vac mads alkaling with sodium carbonate and extyacted with six
100-al. portions of ether. Ths ether solution was dried over magnasium
sulfate and Aistillsd, and yieldad 5.0 g. (b5%) of recovered cyclogctens.
A short path distillation of the residus at 1 mm. yielded 0.96 g. of
¢is-1,2-cyclooctansdiol. The aquecus alkaline solution was acidified
and extracted with eight 100-ml. portions of ether. &hort path dis-
tillation of the residues cbtained by concentrating the extracts yielded
an additional 0.16 g. of the cie-1,2-diol, making the total yield 1.12 g,
(7.T#)s after recrystallization from ethyl acstste ths cis-l,2-cyclo-
octanediol malted at T5-T9'. Recrystallisstion from wster of the dark
30lid residue remaining after ths sssopd short path distillation

yialded 1.8% g. (10.68) of euberic acid.

(b) Usingthem%ho&&eeeﬁbe&b‘imaaa&dsuamléfor

(16) H. A. Milas and 8. Buogman, Thie Jourmal, 59, 2547 (1937).
In & modol experimant cis-l,2-cycl cl was obtained
from eyclohoxens in 51 yield under these conditioma,

1]
the proparstion of gis-l,2-¢yclchexansdiol, 15.1 g. of cyclooccltena vas
edded to 100 ml. of ¢-butyl elechol comiaining 5.1 g. (0.15 mols) of
l
hydrogen povoxide ol cooldd to -5°, Qomiwn totsaxide (3 =ml. of o

0.4 solution in t-butyl aleohol) wos 2ddcd, and the solutiom wno ollovcd



“13.

tc stand for 42 hours st 0 to 5°. The prcduct, isolated by the pro-
cedure described above, emounted tc 2.24 g, (11.4%) of cis-1,2-
cyclogctansdiol and 0.75 g. of suberie acid, An snalyticsl sample of
g;g-l,a-cyclogctanediol vas prepared by recrystallization from ethyl
acetate; m.p. 77.5-79°.

Anal. Calcd. for CgB;g02: €, 66.62; E, 11,18, Found:

c, 66.81; K, 11.04.

(c) A mixture of 11.0 g. of cyclooctene, 7.6 g. of
sodium chlorate, 5 ml. of scetic acid, 50 ml. of water, 100 ml. of
dioxare and 5 ml. of 1% osmium tetroxide in t-butyl alcohol wes

b
heated under reflux for T2 hours. 7 The solution was c¢cncentrated

(17} A bydroxylation procedure similar to ope used for
hydroxylation of maleic and fumaric acid by M, Zelikoff
and B. A. Taylor, This Journal, T2, 5039 {1$50).

under reduced pressure, and the residue was distilled in a shert
path still, A low bciling fraction of 1.3 g, distilling at a block
temperature of 80-100° (0.3 mm.) was separated, follcwed by 8.6 g.
of crude gig-l,e-cyclogctanediol, collected at 120-150° (0.3 mm.).
Recrystallization from ethyl acetate ylelded 4.3 g. (30%) of cis-1,2-
cyclogctanediol, m.p. 75.8-78°.

gig-l,e-Cytlogctanediol vas characierized by oxidation
vwith alzallne parmanganate ¢c suberic acld, by rapid oxidation vith

veriodic acid at 25°, vhich procecded to the extent of 98.2% withir



clde

22 miautes, and by preparation of the fcellowing dorivatives.

c‘i__qol,'e‘-c;fclagcta.nediol big-Phenylurethan ves proparsd

ty =resting the cis-glycol with phenyl isocyanste without solvent for Lb
hours at room temperature, The crude product was weshad wvith hexans
and recrystallized from ethancl; m.p. 175.5-176.8°.

Anal. Calcd. for CgpHpeNaCs: €, 69.09; H, 6.85.

Found: C, 69.24; H, 6.37.

%
cis-1,2-Cyclooctanedicl Isopropylidene Ketal wms prepared

by shaking & solution of 1.4% g. of the cis-glycol in 25 ml. of dry
acetcne with 5.0 g. of anhydrous copper sulfate st room temparature for

18
L3 bours. The mixture was filtered, concentrated, and the residue

(18) Based on a procsiure for preparing isopropylidens derive-
tives of 1,2-glycols dascribed by C. Riemann and C. D. Wagner,
J. Org. Chem., 7, 230 (1542).

1
vas distilled through a semimiero column. 9 The yield of ¢is-1,2-Cyclo-

{19) C. W. Gowld, J¥., G. Holzman and €, Hiasmann, Anal. Cham,,
20, 361 (1548).

octane”diol isopropylidene ketal was 1.23 g. (6T8), b.p. 97-88° (10 mz.),
%25 1.4600.

Anal. Calcd. for Cy;HpeOe: €, T1.693 H, 10.9%.

FPound: C, 71.52; E, 10.97.

performic Acid Oxidation of Cyclooctene. - A procedure

20
descrited for the oxidation of cyclchexens to tyonsg-1,2-cyclohexansdiol

(20) A. Rosbuck and H, Adkina, Org. Synthesss, 28, 35 {1948).
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Was used, except that the product (sfter basic hydrolysis of the mono-
formate} vas extracted with four 100-ml. and three 50-ml. portions of
ehloroform. The product cbtained from 55.2 g. of cyclo'éctene, 60 ml,
of cammercial 35% hydrogen peroxide and 300 ml. of 87 formic acid
was dlstilled without any attempt at fractionation arnd amcunted %o
51.5 g. (corresponding to T1.7 of cyelooctansdiols) of a very
viscous liquid, b.p. 97-125° (0.2-0.5 mm.).

trana-l,E-Cyclogctmdiol Iaoprepylidene Ketal wae prepared

by shaking a solution of 28.4 g, of the sbove mixture in 300 ml. of
dry acetone with 30 g. of anhyiroug copper sulfate at room tempsrature
for 22 hours. The mixture was filltered, the filtrate was ccrcentrated,
and the residue was distilled through a semimicro column, yielding 11.0 g.
(304 from the crude mixture of glycols) of '_t_;rcy;-l,a-cyclogctanediol iso~
propylidene ketal, b,p. 66.5-67° (1.3 mm.), n§5 1.4585.

Apal. Calcd, for Cy;Hgo0p: C, 71.69; H, 10.G4.

Found; ¢, 71L.4k4; B, 10.68.

l,k-Cyclogctanediol was isolated from the distillation
residue, vhich vas dissolved in 25 ml, of ethyl acetate and cooled to
0°. The colorless, crystalline 1,Lb-dlol that separated wes recrystallized
from ethyl acatate and obtainad in a yisld of 10.3 g. (368 from the crude
mixture of glycols) as fire m2edles, m.p. 85-86.5°; mixed melting point
vith cig-1,2-cyclovctensdiol, 55-65°, Evidence for the structure of the

1,4-di0l is presented dalow,
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Apnl, Celed. for CoH,00z: C, 66.62; K, 11.18. Found:
C, 66:%5 3’ llllll
cf the crude mixture

A semisolid mixture (8 g. or 28%/calculated as Cafl;e0z)
ovtained dy concentration of the ethyl acetste mother liguors and
short path distillation of the raosidus &t 0.35 mm. with a8 heating
block temperatuxe of 1C0-133°, is being omemined furthser to dstermine

s

wnether it contains cther isomeric cyclooctanediols.

trana-l,E-Cyclc;ctaasdiol was obtained by heating a

2.0 g. sample of the iscpropylidans ketal with 10 ml. of 858 formic
acid for 2 hours at 100°, concentrating the solution, and shaking the
residus with 15 ml. of 20% aquecus sodium hydroxids for 30 minutes.
The product vas extrscted with 25 ml. of chloroform, and the extrace
vas dried over magnssiuz sulfate. The solution vas concentrated and
the residus wae distilled through a semimicro column, yislding 1.k g.
(893) of t_;_mng-l,Q-cytlogctanediol as & viscous, colorless liguid
that falled to crystallies; B.p. 93-84° (0.5 mm.)}, %25 1.4980,

Anal. Calcd. for CeH,sCp: €, 66.€2; H, 11.18.

Found: €, 66.90; E, 11.35.

Hydrolysis of & 5.7 g. sample of the isopropylidens ketal
by heating undsr 9flux for four hours with 100 ml. of water comtaining
a fev drops of hydyrcchloric acid wes lancomplete; 2.7 g. of the Ketal
steam distilled on concemtrating tha solution and was racovercd frcm

the Gistillate. trans-l,2-Cyelcoctanediol (1.7 g.) ves extrestcd froz
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the agqueous swsidug with chloroform spf distillsd as daeseribad abova.
Another semple of trana-l,2-cyclooctassdiol with the aoms physical
proparties was obtainsd by saponification of 0,56 g. of the bis-phonyl-
urethan {described below) by heating under reflux vith 25 ml. of
20% alccholic potassium hydroxide for 23 hours.
trans-1,2-Cyclocctansdiol was characteriged by cxidstion
to suberic acid with alkaline permanganate, oxidation with psriodic
acid at 25°, which wves camplete vithin 20 minutes with reduction of
95.9% of the calculsted quantity of the oxidiging agent, snd by
preparation of the dis-phenylurethan,

trans-l ,Q-Cyclogctaned.iol bis-Phanylurethan was prepared

by varming the trans-1,2-diol briefly with phenyl isocyanate and
allowing the mixture to stand overnight. The crude sclid product
vas vashed with hexane and recrystallised from ethanol; m.p, 176.2-
177.4°, and mixed m.p. vith cis-1,2-cyclooctansdiol bis-phenylurethan,
154-163°,

Ansl. Calcd. for CpgHgefaOg: C, 69.09; E, 6.85.

FPourd: C, 69.16; H, 7.12.

Cyclooctens Oxids. -  Ccmmercial bO$ poracetic acid

(21) Ovtained from the Bscco Sales Corporstion, Buffelo, Esw York.

{125 wl.), to which 25 g. of sodium scetote trihydrate hed bean cdded

to neutralise the oulfuric acid proscnt, wos eddsd Gropwise during b5
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nisutes with vigorous stirring to %5 g. of cyclo;ctene. The reaction
ternera' e wvas malntained at 27-29° with sn ice bath., The mixture
was cooled to 0°, neutralised with 404 sodium hydroxide, and ex-
troacted with three 200-ml, portions of ether. The extracts were
dried over magnesium sulfate, concentrated, and the residue vas
distilled through a 27 x 1.8-cn. column packed with glass helices,
The yield of cyclogctenae oxide, b.p. 90-93° (37 m.), m.p. 52.5-
36.3°%, was b.2 g, (B3M). Cyclo;ctene oxide was purified by sub-
limation under reduced pressure as needles mdlting at 56-57°, with
e very characteristic odor., Homogenity of the epoxide was establighed
by chromatography on alumina and on activated carbon followed by
fractional elution with pentane-ether, and also by fractional dis-
tillation. Conmparison of the melting points and infrsred spectra of
the various fractions showed no significant differences.
Hydrogenation of a solution of 5.0 g. of cycloactene
oxide in 5 ml, of ethanol at 125° in the presence of 0.5 g. of Raney
nickel at 1900-1500 p.s.i. was complete in 1 hour, and yielded 4.24 g,
(83%) of cyclogc‘c.anol, b.p. 92-93° (12 mm.}, n§§ 1.4842, m,p.
24.3-2k.,5°, identified by its infrared spectrum aod by cxidation
to cyclogctanone with chromic acid.

Solvolysis of Cyclooctons Oxids with Formie Acid. - A

mixture of 5.03 g. of eyclooctene oxide and 25 ml. of 85 formic acid

vas heated under reflux for 30 minutes. Tha excess fornic scid was re-
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moved under reducsd piwssure, apd the viscous residus was chaizen
with 50 ml. of 107 sodium hydroxide for L hour. The product was
extracted with chloroform, end tha extract wes dried over magnoesium
sulfate and concentrated. The residus was diat(lled and yieidsd
4,6 g. of a mixture of cyclogctanediol.s, b.p. 120-130° (0.18 mm.)},
vhich vas ssparsted by the procefure 8escribsd above for the mixture
obtained by cxidstion of cyclooctenms with porformic acid, The
yield of trams-1,2-cyclooctansdiol isopropylidene ketal wes 1.42 g.
(19%), b.p. 60-62° (1.1 m.), %25 1.4585. The residus remaining
after distillation of the hkatal was crystalligzad fxom ethyl acetate
and yieldsd 1.7 g. (30%) of l,lb-cyclogctanediol, m.p. 84.6-86,2°,
Any other isomaric cyclooctanediols that may have been presant in
the crystallisation mother liquors were not isolated.

The same products were forwed by hydrolysis of cyclooctens
oxide with boiling 1% hydrochloric acid, end wers isolated in the

manner describad sbove,

Structure of 1,b-Cyclooctensdiol. - 1,k-Cyclooctanmediol,
m.p. 85-86.5°, preparcd by performic acid oxtdation of cyclooctens
or by solvolysis of eyclooctezs oxide with formic acid, failcd to Feest
at all with periodic acid during 25 hours under copditions that ra-
gulted in quantitstive oxidation of cis- end trans-l,2-cyclooctaaséiols
in 20 to 30 minvtes. A solution of 0.72 g. of the 1,4-4iol in 15 ml.

of vater ves oxidised by addition of 2.0 g. of sodiun pIsmangaate trio
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Lydrate as & 2% squoous solution with stirring over & paricd of 45
wimrtes at 0-20°. The oxcoss perasagraste ond rapgnnogl dlextids wors
raduced with sulfur dioxids at 0°, and the solution waso acidificd
vith hydrochloric acid and extracted continuously with ether for 14
hours. A mixture of acids (0.83 g.) rsmainsd ae & residue after dis-
tillation of the ethey, and wes separated into ¢two fractions by subdb-
limotion under reduced prassure: (1) axalic ecid, 0.20 g., m.p. 186-189°
(dec.), and m.p. and mixsd m.p. with oxalic acid hydrate 99-10¢°
after recrystellization from weter; (2) adipic ecid, recrystallized
fron vater, 0.4l g., m.p. and miced m.p. with an authentic sample
152-153°,

1,k-Cyclooctanediol bis-Phenylurethan vas prepared by

varaing ¢he 1,5-d10l vith a slight excess of phenyl isocymnate for a
short time and allowing the mixture to stand overnight. The solid
product vas washed with petroleum ether and recrystallirzed from benzene
and from ethanol; m.p. 186-187.5°; mixed m.p. with cis-1,2-cyclooctane-
diol bis-phenylurethan, 154-172°; mixed m.p. with tyams-l1,2-cyclo-
cctansdiol big-phenylusathsen, 159-180°,

Anal, Caled. for CgpaHggRa04: C, 69.09; H, 6.85; mol.

we., 382, Foumd: C, 69.01; B, 7.11; mol, wt., 33h (Rast

©3thod in camphor).
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1,b-Cycloostancdiol 1 -p~toluensgulfonate vwos preparcd

by edding 3.6 g. of p-tolusmesuifonyl chloride with cooling to @
sclution of 1,25 g. of the 1l,b-lol 4n 20 ml. of dry pyrldine. The
mirture vas allowed to stand at roon temperature overnight, and poured
into 75 ml. of lesé 3 ¥ hydrochloxic acid. The product was extracted
¥ith thres To-ml. portions of ethar, vhich were combined, driad over
magnesium sulfate, and corcentrit<sd under reduced pressure. The
colorless liquid residue (3.66 ¢ ) vas crystallized from methanol,
and yielded 2.83 g. (729) of the GQi-tosylate as colorless needles,
vhich after recrystallization fram zethanol melted at 96.5-98.5°
(dsc., imtroduced at 9°).

Anal., Calcd, for C;;HgeOsSz: C, 58.38; E, 6.24.

Found: €, 58.47; K, 6.27.

l,k-Cyclogctanediol Diacatate was prepared by heating

2.61 g. of the 1,4-d1cl and 2.5 g. of anhydrous sodium acetate vith
6 ml, of acetic anhydrids at 50' for 3 hours. The mixturs was poured
onto ice, moutrnlisged with saturated scdium bicarbonate solution,
ané the product vas extracted with 50 nl. of ether. The extract was
dried over magnasium sulfate, cmcontrated, and the residue vas dis-
tilled in s short path still st .07 mu. with a heating block tempara-
ture of 100%; yield 4,08 g. (S3) ; n;5 1.4631.

fral. Coled. for CpBae004: C, 63.13; H, 8.83. Found:

¢, 63.38; 5, 8.83.
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A %.78-g. sample of the diacetate vas pyrolyzed ot
500° in & alovw stream of nitrogen by introduction over & period of
1.5 houws into s vertically mountad tube containing 8 S0 x 1,0-cn.
heated section packed with glass helices, The condensate that was
ccllected in a trep cooled with Dry ice was washed with sodium bi-
earbungate solution and extrected vith pentane, The solution was
dried over sodium sulfate, concentrated, and the residus was
distilled through a semimicro column, yielding 1.4 g. (81%)
of & mixture of cyelosctedienss, n§5 1.4895-1,5930. A fraction
vith n§5 1.4922 wvas analyzed.

Anal., Calcd. for CgH;a: C, 88.81; H, 11.19. Found:

¢, 89.11; B, 11.28,

Eydrogenation of & solution of C.520 g. of the mixture
of dienes in 7 mi. of acetic acid in the presence of Q.1 g. of pre-
reduced platinum oxide was complete in 3 hours and 95% of two molar
equivalents of hydrcgen was absorbed. The product wes isolated by

22
a procedurs descyibed previously and smounted to 0.491 g. (9i4)

(22) A. C. Cops and F, A. Hochstein, This Jourmal, 72, 2517 (1950).

5
of eyclodctane, b.p. T3-T4® (90 ma.), oy~ 1.4557, m.p. 8-9.5°

(indicating 959 purity) and mixed m.p. with an authentic sample, 9.5-10.4°.
The sample of cyclogctane wvag alsc fdentified by 1its infrared spectrum.

1,4-Cyclooctenedions vas cbtained by heating a mixture
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of 7.2 g. of l,h-cyclogctanediol, 10.8 g. of p-benzoquinons, 1.0 g.
of aluminum isopropoxide and 25C ml. of tolusne under reflux for
1k rours. The uixture was cooled, filterod to separete hydroquinona,
eoncentrataed, and the residue was distillad in a short path still at
0.05 ma. with 2 bath temparature of 60-175°, The distillats was
collected in a receiver cooled with Dry Ice, ard fractionated through
a semimiero column. The yield of l,&-cyclogctanedione, b.p. T5-T5.5°
(1L =a.), was 1,08 g. {158). The diketons gave & negetive encl test
with ferric chlorids,

Annl. Calcd. for CgH aOg: C, 68.54; H, 8.63. Found:

¢, 68.82; B, 8.94,

The 1,b-cyclooctansdione derived from the 1,b-diol vas
characteriged by ccnversion imtc the known semicarbasone of bicyelo

2>

[3.3.0]<1(5)-ccten-2-cua. A 70-mg. sample of the diketone was added

{23) A. C. Ccpe apd W, R. Schmits, {bid., 72, 3059 (1950).

tc 2% aqueous sodium hydroxide, and allowed to stand at 26° for 8 hours.
The dark mixture was extracted with three 20-ml. portions of ether,

ard the extractes wore concaentrated, The residus was treated vith 15 nml,
of 10% hydrochlordc acid for 1 hour at room temperature and 3 hours

at 70°. The mixtuxs vas nsutralized vith sodium bicarbonate and steaz
distilied. To tha distiliste {2CO xl.) ves added 0.1 g. of semicardazide

hydrochlorids end 0.15 g. of sodium acstate tyihydrate. The nixture vwas
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heated on & stesm beth for 20 minutes and cooled to Q° overmight and the
crystalline dieyeio(3.3.0]-1{5)-ccten-2-0ne scmicarbazonc vas sapavrated
snd recrystalliized from sguoous gthanol; m.p. ord mixed m.p. vith an
authentic sample, 237-238,5° (dec.). Infrered spectra of Hujol mulls
of the two somicerbazone samples were identical within experimental
error.

A 140-mg. semple of l,kacyclogctansdéone was treated vith
0.3 ml. of concentrated sulfurie acid et 0° for 1 hour end 70° for
20 minutes, after vhich the mixture wvas psutralized, stesm distilled,
and bicyclof{3.3.0]-1{5)~octen-2~0ne semicarbazona wes isclated from the

distiliate (20 ml.) by ths proccdurc dsscridbed sbove (n & yleld of
87 mg. (43%).

Canbridge, Mmgsachusatis Recelived
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